Guineapig antibodies to Streptococcus pneumoniae (SPN) serotype 19F were detected by an enzyme-linked immunosorbent assay using a simple procedure. In experimentally infected hosts, antibody was detectable as early as 2 to 3 weeks after infection, and high titres were maintained for a long period. Antibodies higher than 1 : 64 were regarded as specific. In a field study, high antibody titres were shown in SPN enzootic colonies in contrast to negative or low antibody titres in a majority of the animals from non-enzootic and SPF colonies.
In this report, we show that ELISA is applicable in detection of guineapig antibody to SPN. This method was carried out simply with high sensitivity.
Materials and methods

Culture of SPN and preparation of antigen
The 6L strain of SPN was isolated from an epizootic case in a guinea pig colony (Saito et al. , 1983) . The guineapig-derived MI, TO and TU strains were also used. The serotype of these isolates was determined as 19F by the quellung test (Lund & Henrichsen, 1978) using factor serum obtained from Statens Seruminstitut, Denmark. The 6L strain was used in the present investigation unless otherwise noted.
The organisms were grown on a 5070horseblood agar plate (based on nutrient agar of Eiken Kagaku Co, Tokyo, Japan) at 37°C for 18 h, suspended in phosphate buffered saline (PBS), pH 7· 2, and centrifuged at 2000g for 10 min.
The collected bacteria were resuspended in PBS, approximately 10 10 colony-forming unit (CFU)/ ml, and sonicated at 20 kc twice for 5 min by a sonicator with cooling system (Insonator, Kubota Co., Tokyo, Japan). The supernatant was obtained by centrifugation at 10000 g for 30 min and stored at -20°C. This preparation, containing about 7, 5 mg protein/ml, was used as antigen for ELISA.
ELISA
This was carried out by a similar procedure to that as described previously (Chandler et al., 1982; Matsubara et al., 1985) .Antigen was diluted 1 : 400 with 0,05 M carbonate buffer, pH 9,6 and 5 pJ of the dilution was added to each of the wells of a 96-well disposable polyvinylchloride microtitre plate (Toyoshima Seisakusho Co, Tokyo, Japan). The plate was kept in a humid chamber at 4 DC overnight and washed with PBS containing O' 05070 Tween 20 and O' 1% of bovine serum albumin (PBS-Tw-BSA).
Normal guineapig Ig was isolated on a DEAE cellulose column and confirmed to be electrophoretically pure. Anti-guineapig Ig was prepared by injecting the purified guinea pig Ig (about 600 J.tg) with Freund's incomplete adjuvant into the footpads of a rabbit followed by subcutaneous booster injections twice at weekly intervals, and purified on a DEAE column. A sample of 10mg/ 2 ml of the Ig was labelled with 3000 units of urease (Sigma Chemical Co., St. Louis, MO, USA) according to the method described in Voller et al. (1980) . After mixing with an equal volume of glycerol, the labelled antibody was stored at -20 DC.
Urea solution (0'1 %) containing 0,008% of bromocresol purple and O' 2 mM of ethylene diamine tetra acetic acid was adjusted to pH 4, 9 with 0·1 M NaOH or 0·1 M HCl, and used as substrate.
' Positive control serum was obtained from Weiser Maple guineapigs 4 weeks after infection with 10 8 CFU of SPN. As a negative control, serum of the SPN free Hartley guineapigs was used. The positive and negative control sera were stored at -20 DCin aliquots. Serial dilutions of both controls were included in each plate.
Test sera were diluted 4-fold from 1: 1 to 1024, and 25/1-1 of each dilution made in PBS-Tw-BSA were added to a sensitized well. Plates were incubated 30 min at room temperature (about 20-25 Dq, and then washed 4 times with PBS-Tw-BSA. A 25 /1-1 sample of freshly diluted conjugate was added and the plates were incubated 30 min at room temperature, then washed 3 times with PBS-Tw-BSA and twice by distilled water. After the addition of 25 /1-1 of substrate to each well, the plates were sealed and incubated at 37 DCfor 45-60 min until the positive control reached the predetermined titre, whereas the negative control remained unchanged. The reaction was read clearly by visual changes 305 in the substrate colour (by eyesight). The results were expressed by the reciprocal of the highest serum dilution that gave a positive reaction.
Experimental infection of the guineapigs
The Hartley strain of female guineapigs (approximately 250 g) were obtained from the Shizuoka Agricultural Cooperative Association for Laboratory Animals, Hamamatsu, Japan. They were bred under specific-pathogen-free conditions. Groups of 16 and 13 guineapigs were anaesthetized with ether and inoculated intranasally with 0,05 ml of 1 x 10 4 or 1X 10 8 CFU/ml suspension of 18h-cultured SPN in heart infusion broth (Difco). Thus the inoculum sizes to these 2 groups of guineapigs were estimated to be 10 2 and 10 6 CFU, respectively. Three to four animals were housed in a metal cage with autoclaved straw bedding, and provided with commercial pellets (BG-I, Funabashi Farm Co., Chiba, Japan), cabbages and tap water ad libitum. Swabs were obtained from the nasal cavity at 1-2 week intervals and cultured on horse-blood agar. The blood was collected simultaneously by cardiac puncture and the serum was kept at 4 DC adding 0'1 % sodium azide as a preservative.
In the 30th week of infection, the animals were killed for isolation of SPN from the nasopharynx, trachea and lung using horse-blood agar after macroscopic observation for gross pneumonic lesions.
Field study
From 12 colonies, 279 guineapigs (less than one year old) were obtained. Their strains, sex and conditions of maintenance varied widely. Sera were examined by ELISA, and the respiratory organs were submitted to bacteriological examinations as described above after macroscopic observation for gross lesions.
Results
Experimental infection of guineapigs
In bacteriological examination, 10 out of 16 guineapigs (63%) were revealed to be positive by the 3rd week of experimental infection with 10 6 CFU (group A, Table 1 ). In group B, which 28 29
• Inoculation sizes were 10 6 CFU for group A, and IIf CFU for group B. Results are expressed as 0 ( -), 1-10 ( +), 11-100
(2 + ) and> 101 colonies per swab (3 + ) in bacterial isolation, and no (-) or evident ( + ) pathological changes in the lung.
bpathological changes due to fibrinopurulent pneumonia 30 weeks postinoculation. 'Dead due to SPN infection. Pathological changes were evident in the respiratory organs. SPN was isolated from the trachea and tung.
received 10 2 CFU of the organisms, SPN could be detected only exceptionally in the nasal cavity.
However, the positive results of the bacterial examination did not persist. At the end of the infection period (30 weeks) SPN could not be detected in the nasal cavities, tracheas and lungs of both groups of guineapigs in spite of the presence of fibrinous pneumonic lesions (Saito etal.,1983) . Mean ELISA titres of these animals are shown in Fig. 1 . Sera from both groups proved positive in the ELISA 2-3 weeks after infection. The antibody titre reached a plateau in 4-5 weeks and remained at a high level throughout the infection period. Sera of group A showed higher weeks after infection 
TV
Comparison of antigenicity of different isolates of 19F SPN
To compare the antigenic profiles among 19F SPN, antigens prepared from 4 different guineapig isolates and their corresponding infected sera were tested (Table 3 ). The antibody titre varied widely depending on the combinations of the antigen and the infected sera, but there seemed to be no specific trends in the reaction profile suggesting that these isolates shared similar antigenicity. This was confirmed using 178 guineapig test sera (Table 3) . Correlation coefficients (r) were closely related in all of the combinations compared. Thus, most antigenicities of 19F were considered to be similar among the different isolates.
Field study
As a pilot study for the field application of this ELISA method, 279 guineapigs obtained from 12 colonies were investigated (Table 2) . Among them, 5 colonies were found to be SPN enzootic by means of repeated bacteriological examinations while others were free of SPN (Table 2) . A wide variety of antibody titres were observed in the guineapigs from the enzootic colonies in contrast to those from non-enzootic colonies. In the enzootic colonies, SPN was detected in 35070 of the guineapigs. In these animals, the disease was considered to be in progress, and most of them showed apparently high levels of antibody titre (1 : 64 or higher). In contrast, most of the sera from SPN-free colonies exhibited negative or only weakly positive reactions, if any. However, in a certain amount of the sera of the non-enzootic colonies, positive results were shown. This non-specific reaction was observed mainly in aged animals including those maintained in SPF conditions, but never exceeded I : 64 in titres.
antibody titres than those of group B. However, when results of ELISA and bacterial cultures of each individual guineapig were compared, there seemed to be no direct correlation between them. In fact, high antibody titres were found both in animals with positive and negative results on the bacterial examination. Sera were also obtained from non-infected age-matched control guineapigs. ELISA titres of the controls were low and difference from the infected animals was obvious. However, there was a tendency for the control sera of the aged hosts to show higher reactions.
Discussion
In this paper we noted that S. pneumoniae infection of guineapigs could be diagnosed by ELISA using urease-labelled antiguineapig Ig. Bacterial antigen as well as other reagents were prepared conveniently, and the ELISA method could be performed without very expensive equipment. Moreover, the method was sensitive enough to detect antibodies in the hosts which were infected with a small number of SPN but negative in bacteriological examinations.
Because the 19F serotype of SPN is the predominant causative agent of guineapig pneumoccosis (Ganaway, 1976; Manning et al., 1984; Nakagawa et al., 198"6) ,it is argued that the antigen prepared from the 6L strain of 19F SPN can be used generally for serodiagnosis of pneumococcal infection in this animal species. However, there was a possibility that antigenic profiles might vary widely among 19F strains, but this proved not to be the case since the antigenicity of the 6L strain was not much different from that of other isolates.
A significant level of antibodies were revealed in some of the guineapigs obtained from field colonies which were considered to be free of SPN by repeated bacteriological examinations for several years. One of the major causes of this non-specific reaction might be antibodies to shared antigens among SPN and environmental microorganisms such as intestinal flora (Lund & Henrichsen, 1978) . However, this non-specific reaction did not exceed 1: 64 in titres, thus antibodies higher than 1 : 64 were regarded as specific to SPN. In the ELISA for human streptococcosis, capsular antigens are used for the type specific reaction (Gray, 1979; Pedersen & Henrichsen, 1982; Koskela et al., 1982) . Thus it can be expected that the use of 19F specific capsular antigen is also meaningful in eliminating the non-specific reactions mentioned above.
